Introduction
The average incidence of first patellar dislocation is 5.8 cases per 100,000 persons per year, and the rate is higher for adolescents and the active population. [1] [2] [3] It is more common in females, with an incidence of 104 cases per 100,000 persons per year. 4 First patellar dislocation can lead to disabling pain and decreased activity level, osteochondral fractures, articular cartilage injury, and consequent patellofemoral arthritis, recurrent patellar instability. 1, 2, [5] [6] [7] [8] [9] The percentage of recurrent patellar dislocation after the first episode varies from 15 to 80%, 1, 10, 11 whereas after the second episode of dislocation, the possibility of recurrence grows to >50%. 1, 5 Recurrent instability is certainly multifactorial but depends primarily on the injury of the medial patellofemoral ligament (MPFL). It is universally recognized that the MPFL represents the main Keywords ► patellar dislocation ► medial patellofemoral ligament ► medial patellofemoral reconstruction ► patellar instability Abstract First patellar dislocation is a common injury of the knee, involving often adolescents and the active population. The consequences of the first episode can be various and potentially disabling. Among these, acute patellar dislocation can often result in recurrent patellar instability. Recurrent patellar instability is certainly multifactorial but depends primarily on the injury of the medial patellofemoral ligament (MPFL), the major soft-tissue stabilizer of the patella. Some classifications are extremely useful in establishing the diagnosis and therapy in patellofemoral disease, in particular in terms of instability. Among those, Henri Dejour and WARPS (weak atraumatic risky anatomy pain and subluxation)/STAID (strong traumatic anatomy normal instability and dislocation) classifications are certainly the most frequently used. There is no clear agreement on the management of the first patellar dislocation. A conservative approach seems to be the first choice in most of cases, but the presence of patellar displacement or osteochondral fractures makes surgery mandatory at the beginning. In addition, there is no clear consensus on which surgical strategy should be used to approach first dislocation, in relation to the possible variation in location of the MPFL injury, and to the eventual presence of preexisting predisposing factors for patellar instability. MPFL reconstruction may theoretically be more reliable than repair, while there is no clear evidence available that osseous abnormality should be addressed after the first episode of patellar dislocation. A narrative review was conducted to report the etiology, the diagnosis and all the possible treatment options of the first patellar dislocation. Modern classifications of the patellofemoral instability were also presented. restraint against lateral patellar displacement, 12 providing approximately 50 to 60% of the restraining force. 13 The MPFL insertion at the patella is up to 30 mm wide and is located along the upper half of the patella. Proximal fibers are mainly attached to the vastus intermedius, without tight adhesion to the vastus medialis. Distal fibers are interdigitated with the deep layer of the medial retinaculum. The femoral insertion of the MPFL is approximately 10 mm distal to the apex of the adductor tubercle and 16 mm proximal to the medial epicondyle. 14 The proximal patellar overlap region makes the MPFL also a dynamic stabilizer, 15, 16 acting principally from 0 to 30 degrees of knee flection. [17] [18] [19] MPFL injury occurs frequently (up to 100%) just after the first patellar dislocation. 20 Anyway, a variable amount of other anatomic abnormalities may contribute to the development of recurrent instability, such as trochlear dysplasia, patella alta or lateral patellar tilt, valgus limb alignment, torsional deformities of the femoral and/or tibia, absence of integrity and/or proper functioning of static, and dynamic soft-tissue constraints. 13, 21 This is certainly a reason of the difficulty in approaching the first patellar dislocation. Additionally, the patient population is very heterogeneous, whereas the surgical and conservative managing techniques are numerous and often challenging, and there are no long-term studies on this topic. 1, 22 Most of the studies seem to indicate a conservative approach as the first choice for most cases, but the presence of patellar displacement or osteochondral fractures can make surgery necessary just after the first dislocation. 13 In addition, there is no clear consensus on which surgical strategy should be used, even though MPFL reconstruction could theoretically be more reliable than repair. Finally, there is no clear evidence available that osseous abnormality should be managed after the first episode of patellar dislocation.
A narrative review was therefore conducted to report the etiology, the diagnosis and the management of the first patellar dislocation. Conservative versus surgical approach was discussed, and different surgical approaches were presented.
Classification of the Patellofemoral Instability
In 1987, Dejour et al 23, 24 described four major instability anatomical factors with a statistical correlation and four minor instability anatomical factors without a statistical correlation causing patellofemoral instability. Major instability anatomical factors include trochlea dysplasia, patella alta, patellar tilt, and pathological tibial tuberosity and trochlear groove (TT-TG) distance. Minor instability anatomical factors include torsional defects of the femur, torsional defects of the tibia, curved knee, and valgus knee. Based on this anatomical factors Dejour et al classified the patellofemoral disease in three patterns objective patellar instability (OPI), potential patellar instability (PPI), and painful patella syndrome (PPS). 23, 24 OPI is represented by the presence of at least one episode of patellar dislocation or subluxation and at least one of the four main factors of instability. PPI is represented by the presence by no episode of patellar dislocation or subluxation but at least one of the four main factors of instability. In PPS, neither episode of patellar dislocation or subluxation is present nor factors of instability, whereas pain is the main symptom.
Another classification system has recently been introduced by Hiemstra et al 25 for patellofemoral instability. Similar to shoulder instability, patients with patellofemoral instability can present traumatic or nontraumatic etiology. 26 Similarly to traumatic anterior shoulder instability/atraumatic multidirectional bilateral rehabilitation inferior capsular shift subset of patients for shoulder pathology, in patellofemoral instability, two main subsets of patients' existence are WARPS and STAID; WARPS is intended how "weak atraumatic risky anatomy pain and subluxation." These patients demonstrate poor femoral quadriceps with poor neuromuscular control, generally atraumatic onset of their instability episodes, many anatomical features possibly responsible for instability, often they complain of pain and subluxations rather than true dislocations.
STAID is intended how "strong traumatic anatomy normal instability and dislocation." Usually these patients tend to have a strong quadriceps with good neuromuscular control, the onset is traumatic and they do not have predispositions factors. They complain of instability with true episodes of dislocation.
Etiology and Diagnosis of the First Patellar Dislocation
Usually, first patellar dislocation occurs in terminal extension with an axial valgus stress to the knee during rotation, when the femur rotates internally and the tibia externally with the foot fixed on the ground. 13, 27 When the patella dislocates laterally, the medial patellar restraints are injured, particularly the MPFL. The patella may spontaneously relocate back to the femoral trochlear groove; sometimes, a dislocated or a severe lateralized (and tilted) patella may remain. The first patellar dislocation is generally traumatic, although some constitutional anatomic factors may be involved as trochlear dysplasia, patella alta, patellar tilt, TT-GG. 13, 21, 23, 24 All these factors, associated to the MPFL injury, following the first patella dislocation, are well-recognized risk factors for recurrent patellar instability. Rarely, constitutional ligamentous laxity or insufficiency of the medial soft-tissue restraints can be present.
Patellar dislocation is usually diagnosed on the basis of the clinical and anamnestic findings, whereas the patient may describe "kneecap was out of place." Clinical findings include tenderness and pain at the site of the medial restraints. A medial hematoma and a lateralized patella may be observed. Apprehension test is clearly positive. Sometimes, the knee may be swollen due to hemarthrosis, although this sign is not very frequent since the injured medial restraints and MPFL are principally extrasynovial. As mentioned, usually the patella is spontaneously reduced, and remains quite rarely still dislocated when the patient arrives at the hospital.
Standard knee radiographs and magnetic resonance imaging (MRI) are mandatory. Standard plain radiographs, including Merchant's view, are always needed to evaluate patellar position and assess osteochondral fractures or detachments. The patella may be lateralized if compared with the contralateral side and fragmentation of the medial patella, defects of the patellar articular surface, or loose osteochondral fragments may be observed. 13 MRI is useful to assess more precisely the cartilage, to show the MPFL lesion and to identify its location. [28] [29] [30] MPFL lesions are divided in four types as follows: (1) at patellar insertion, (2) midsubstance, (3) femoral origin and (4) a combination. 28 Both radiographs and MRI are finally useful to evaluate the presence of constitutional bone deformities of the patellofemoral joint that may contribute to recurrent patellar instability. There is certainly a role for computed tomography (CT) scan. 21 Because of the relatively high incidence of osteochondral fractures after the first patellar dislocation, CT scan is certainly a useful and largely available tool in the emergency room setting to detect osteochondral defects or a patellar bony avulsions when suspected on plain radiographs. 30 Obviously, CT scan remains the gold standard to detect and measure the TT-TG distance, patellar tilt, and trochlear dysplasia and, in evaluating femoral torsional deformities 18 in patients with patellofemoral instability.
Conservative Treatment
High-level evidence supports the effectiveness of the conservative treatment after first patellar dislocation, 11 especially for the MPFL-vastus medialis obliquus overlap-region lesions, since this region is wide at the attachment to the patella and has a great possibility to spontaneously heal. 15 However, no randomized controlled clinical trial has been published about different nonoperative approaches. 31 Some authors suggest cold packs during the first 24 hours, immobilization, and, when necessary, aspiration of the knee effusion, to reduce pain and to allow an easier clinical examination and instrumental diagnosis. 13, 32 Anyway, there is no clear evidence that the knee should be immobilized after patellar dislocation. 13 Moreover, there is not a consensus on the exact period of knee immobilization, ranging generally from 0 to 6 weeks, 8, [31] [32] [33] [34] [35] and the degree of motion allowed by bracing. Some authors suggest an extension position, 11 others start from 30 degrees of flexion and increase to 90 degrees of flexion after some weeks 36 ; consequently, also the type of knee brace proposed may be different in different studies. 11, 36 Maenpaa et al 37 failed to find differences between immediate mobilization and flexion restriction in terms of functional results in 72 patients treated conservatively after a first patellar dislocation.
Most of authors agree about the necessity of kinesiotherapy to recover full range of motion (ROM) and quadriceps muscle strengthening to restore the dynamic component of the patellar soft-tissue stabilizers. 11, 36, 38, 39 No author provides a precise description of the specific exercises or exercise parameters. 11, 32, 36 The most common strategy includes isometric and isotonic quadriceps strengthening exercises, such as straight leg raises, squats, and lunges. 31 Apostolovic et al 32 suggests principally the utilization of isometric quadriceps exercises. Anyway, there is little evidence to support a specific exercise program for preventing future dislocations. 40 The amount of exercise should rise with time as tolerated by pain, and at 4 to 6 weeks, generally, the patient can walk with a complete ROM. Full work and/or sport activity is generally allowed after 3 months. 13 The clinical and functional results and the redislocation rate after conservative treatment of the first patellar dislocations are variable. In a recent systematic review on 2,086 patients treated for a first patellar dislocation, Longo et al 40 reported an average Kujula's score of 75.6 points at short-medium-term follow-up (<5 years) and 87.5 points at long-term follow-up (>5 years) in the patients managed conservatively; the rate of dislocation recurrence was 36.4%, while no other complication was reported. Ji et al 41 reported the results of the conservative treatment in 30 patients, the mean Kujula score was 93.6 points at the latest follow-up, while the mean patellar tilt was 6.8 degrees, and lateral shift ratio was 9.2. Regalado et al, 36 analyzing the results of 20 patients treated conservatively after a first patellar dislocation, found a 27% of poor knee function and a 27% of unsatisfied patients, with a redislocation rate of 35 and 73% at 3 and 6 years, respectively.
Surgical Treatment
The circumstances that could immediately lead to surgery after a first patellar dislocation include the presence of osteochondral fragments, important cartilage damage, disruption of the medial stabilizers with subluxation, or complete displacement of the patella. 21 It has been proposed that a MPFL lesion at its femoral origin would need an immediate surgical approach 15 ; in this area, the ligament is thin and its retraction after rupture can change femoral attachment point leading to low-medial restrain. There is still controversy about the choice of repairing rather than reconstructing the torn MPFL after the first patellar dislocation. A careful clinical, instrumental (radiographs plus MRI) and arthroscopic examination is needed to decide the appropriate treatment (MPFL repair vs. reconstruction); in fact, the main cause of unsatisfying results is that MPFL injuries can have different patterns and locations. 27 The MPFL patellar attachment can be surgically reinserted with a good functional outcome restoring the anatomical insertion. 27 On the other hand, for the MPFL lesion at its femoral origin the repair could be more challenging due to the need to optimize the insertion point on the femur, as small changes in positioning, can cause increased stress on the repaired tissue and lead to failure. 1 Midsubstance MPFL injury is difficult to repair adequately, so that is generally not recommended. 27, 42 
MPFL Repair
Some authors support the rule of the MPFL repair after first patellar dislocation. 34, 42, 43 MPFL repair can be performed only if the location of the lesion is known 27, 44 and, generally, within three weeks from trauma. 1, 35 As mentioned above, MPFL injury at patellar origin could be repaired. Patellar MPFL lesion can be classified as ligamentous or bony avulsion or associated with an osteochondral fragment with articular cartilage involvement. 13, 44 Obviously, the last two types always need a surgical approach. 45, 46 Specifically, fractures located in a high-pressure area should be repaired if possible. Differently, if the fracture is located in a low-pressure area, the fragment may be removed. 44 The authors that support this technique assure that MPFL repair at its patellar origin allows to restore the anatomical position of the ligament, without complications, achieving a good tension of the ligament itself. 2 Numerous open and arthroscopic MPFL repair techniques have been described. [47] [48] [49] [50] [51] Arthroscopic MPFL repair may be technically demanding and can fully visualize only the patella-based injuries; additionally, the arthroscopic approach leaves suture material into the joint, with possible irritation. 52 In the literature, reports show a redislocation rate after arthroscopic medial retinacular repair/plication based on similar techniques ranging from 0 to 19%. [51] [52] [53] Arendt et al 35 Christiansen et al 48 found a redislocation rate of 17 and 20% in operative and conservative group of patients, respectively, a Kujala score of 85 and 78 points, a patella stability score significantly higher in the operative group, and no difference in Knee Injury and Osteoarthritis Scores.
Finally, some Authors reported that both MPFL repair is effective in providing the preinjury level of activity, although failure rate, defined as recurrent patellar instability, is higher when compared with MPFL reconstruction. 54 
MPFL Reconstruction
MPFL reconstruction is used 1.5 times more often than repair or medial retinacular/plication and seems to provide more consistent outcomes after first patellar dislocation, both in terms of clinical outcomes and rate of redislocation. 44, 60, 61 Most of Authors prefer to reconstruct the MPFL due to the better quality of collagen-containing graft rather than the stretched or compromised tissues. 22 Numerous techniques for MPFL reconstruction have been described, and they all aim to supply tendon tissue from the medial aspect of the patella to the femoral insertion site of the native MPFL. 20 Panagopoulos et al 62 and Xie et al 63 reported a great and significant increase in Tegner's score with MPFL reconstruction using semitendinosus tendon graft on 25 and 85 knees, respectively; additionally, Panagopoulos reported no case of redislocation, while Xie had a redislocation rate of 1.1%. In two different systematic reviews considering different surgical approaches, Matic et al 54 and Kuroda et al 64 reported more reliable outcomes with reconstruction than with repair in multifocal and midsubstance MPFL injury and in high-level athletes. In particular, Matic et al 54 found the redislocation rate four times higher with MPFL repair and 2.5 times higher with medial retinacular repair/plication when compared with MPFL reconstruction (6.6%). Anyway, the authors reported a complete return to the preinjury activities for athletes independently from the type of surgery at approximately 5.1 months. In another systematic review including 25 papers about the different surgical techniques used for managing the first patellar dislocation including additional bone procedures, Shah et al 65 reported a lower redislocation rate (3.7%) in patients treated with MPFL reconstruction (alone).
Surgical versus Conservative Approach
When compared with the conservative treatment, the overall results of the surgical approach after first patellar dislocation are not clear, whereas the redislocation rate varies from 13 to 52% and good subjective scores vary from 47 to 85%. 15, 66 The possibility of failure seems to be related with young age and high-activity level. 31, 35 Longo et al 40 suggested that surgical treatment has a lower rate of redislocation and provides better short-medium-term clinical outcomes when compared with conservative treatment, whereas in long-term follow-up, the results are similar. Smith et al 67 found that surgical treatment of first dislocation is associated to a lower degree of patellar redislocation but to a greater risk of successive patellofemoral osteoarthritis. This could be related to some techniques that could change the kinematic of the patellofemoral joint, therefore favoring a successive joint degeneration. Christiansen et al 48 reported a redislocation rate of 16.7 and 20% in the surgical and in the conservative group, respectively, although in absence of better subjective functional outcomes in the surgical group. Nikku et al 42 reported a redislocation rate at 7 years of 31 and 39% for the operative and nonoperative group, respectively. At a 14-year follow-up, Palmu et al 11 reported a similar redislocation rates (71 vs. 67%) in the conservative group and surgical group, respectively. However, it has to be considered how the above-mentioned studies included different surgical techniques and different conservative strategies. ►Table 1 include all the details, type of treatment, results, and percentage of patellar redislocation of the more significant mentioned clinical studies.
Treatment of Associated Bone Deformities
It is well recognized that when performing a surgical intervention for recurrent patellar instability, one should take into account the soft-tissue stabilizers disrupted during dislocation, as well as anatomical abnormalities that may Abbreviations: C, conservative treatment; S, surgical treatment.
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predispose to chronic dislocation. 13 Differently, bone procedures are generally not considered a first-line treatment after the first patella dislocation; there is no evidence that osseous abnormalities should be addressed in addition to MPFL repair/reconstruction after the first episode of dislocation. 68 In particular, in adolescents, a trochlear dysplasia or a malalignment will be treated in a second time. 68 Sillanpää et al 4 suggested that osseous surgery is not necessary after primary dislocation, although bone corrections may become needed in cases of severe abnormalities. On the other hand, it has been reported how clinical and functional outcomes following the first patella dislocation could vary in relation to the presence of risk factors for instability, such as trochlear dysplasia, patella malalignment, and axial and torsional lower limb alignment abnormalities. 24, 69, 70 It has been reported that the more dysplastic is the trochlear shape, the more an MPFL injury is problematic in terms of (recurrent) patellar instability. 27 Therefore, in rare cases of severe associated anatomic patellofemoral deformities, procedure like tibial tuberosity transpositions and/or trochleoplasty can be taken into consideration and associated to MPFL repair/reconstruction. 27 
Conclusion
There is not a clear consensus on the management of the first patellar dislocation. Conservative approach has been advocated in most of cases, with good results in terms of functional outcomes and rate of redislocation. Surgery is certainly needed in presence of severe patella displacement or osteochondral fragments and seems to provide lower rates of patellar redislocation when compared with conservative treatment. Repair of the torn MPFL may be preferred in case of (bony) avulsion from the patella; anyway, MPFL reconstruction has been shown to be more reliable than repair. Finally, there is no evidence that bone abnormalities should be corrected after the first episode of patella dislocation, although in rare cases of severe associated anatomic patellofemoral deformities, procedures like tibial tuberosity transpositions and/or trochleoplasty can be taken into consideration and associated to MPFL repair/ reconstruction.
